Alternate forms of the general transcription machinery have been described in several tissues or cell types. However, the role of tissue-specific TBP-associated factors (TAF II s) and other tissue-specific transcription components in regulating differential gene expression during development was not clear. Here we show that the cannonball gene of Drosophila encodes a cell type-specific homolog of a more ubiquitously expressed component of the general transcription factor TFIID. cannonball is required in vivo for high level transcription of a set of stage-and tissue-specific target genes during male gametogenesis. Regulation of transcription by cannonball is absolutely required for spermatogenesis, as null mutations block meiotic cell cycle progression and result in a complete failure of spermatid differentiation. Our results demonstrate that cell type-specific TAF II s play an important role in developmental regulation of gene expression.
For many genes, recruitment of the general transcription factor TFIID to the promoter is a crucial step in the initiation of transcription by RNA polymerase II (Pol II) (Orphanides et al. 1996; Roeder 1996) . The TFIID complex consists of the TATA-box-binding protein (TBP) and 10-14 TBP-associated factors (TAF II s) (Dynlacht et al. 1991; Tanese et al. 1991; Kokubo et al. 1993; Chen et al. 1994; Poon et al. 1995; Kuras et al. 2000; Li et al. 2000; Sanders and Weil 2000) . Although the TAF II s constitute the bulk of the mass of TFIID, their role in transcription is under considerable debate. Certain TAF II s physically interact with transcriptional activators in vitro, suggesting they may mediate transcriptional activation at certain promoters (for review, see Goodrich et al. 1996) . Other TAF II s interact with DNA sequences near the start site of transcription and may affect binding of TFIID to promoter region DNA (Verrijzer et al. 1995; Burke and Kadonaga 1996; Shen and Green 1997; Wang et al. 1997; Chalkley and Verrijzer 1999) . Several TAF II s are also components of histone acetyltransferase (HAT) complexes isolated from yeast (SAGA) or human cells (PCAF), suggesting that they may affect transcription by locally altering chromatin structure (Grant et al. 1998; Ogryzko et al. 1998) . Furthermore, although TAF II s appear to be dispensable for transcription initiation at some Pol II-dependent promoters, they are required for and specifically recruited to other promoters (Holstege et al. 1998; Kuras et al. 2000; Li et al. 2000) .
Homologs of TBP and tissue-specific TAF II s have been described in several organisms including humans and Drosophila. However, the possible contributions of these proteins to differential gene expression during development were not understood (for review, see Berk 2000) . The recent completion of the Drosophila genome sequence revealed that several TAF II s identified biochemically as components of TFIID have a recognizable sequence homolog encoded by a different gene. Here we show that one of these genes encodes a tissue-specific TAF II homolog expressed only in testes, where it regulates a critical gene expression program required for male gametogenesis. Our results suggest that expression of tissue-specific components of the so-called general transcription machinery may play an important role in coordinate control of gene expression during development.
Results

The cannonball gene of Drosophila encodes a homolog of dTAF II 80
Male gametogenesis is characterized by an extremely active tissue-specific transcription program (Fuller 1993) . Genetic analysis in Drosophila has identified several genes required for tissue-and stage-specific gene expression in primary spermatocytes (Lin et al. 1996; WhiteCooper et al. 1998) . Wild-type function of the Drosophila genes cannonball (can), meiosis I arrest (mia), spermatocyte arrest (sa), and always early (aly) are required for normal accumulation of transcripts from several spermatid differentiation genes (White-Cooper et al. 1998 by preventing the initiation of spermatid differentiation. In addition, cell cycle progression is blocked at the G 2 /M transition of meiosis I in mutant males (Lin et al. 1996) .
To explore the molecular mechanisms that regulate the tissue-and stage-specific transcrption program for spermatid differentiation, we positionally cloned the can gene (see Materials and Methods). We first mapped the can 1 mutation between flanking marked P-element inserts by recombination and further localized can 1 with respect to restriction fragment polymorphism (RFLP) markers (Fig. 1) . Southern blot analysis of transposoninduced can alleles revealed that the can 1 allele was associated with an ∼200-bp deletion. The can 12 mutation had RFLPs consistent with an ∼7.5-kb insertion, and the can 8 and can 9 mutations had rearrangements consistent with ∼4.5-kb insertions (Fig. 1B) . A 5.7-kb genomic DNA fragment spanning the region of the can 1 , can 8 , can 9 , and can 12 rearrangements rescued both the spermatogenic arrest phenotype and the male sterility associated with can mutants when introduced into flies by P-elementmediated germ-line transformation (Fig. 1B) . We identified a transcript encoded in the 5.7-kb rescue fragment by a combination of cDNA library screening, RT-PCR, and 5Ј and 3Ј RACE (see Materials and Methods).
Sequence analysis revealed that the transcript from the 5.7-kb genomic DNA fragment encoded a predicted 943-amino-acid protein with five WD40 repeat motifs clustered near the carboxyl terminus ( Fig. 2A) . Sequence analysis of genomic DNA derived from homozygous mutant flies identified mutations within the ORF for several can alleles, confirming the identity of the predicted protein as can (Table 1) . The can 1 strain had a 198-bp deletion removing one and a half of the conserved WD40 repeats ( Fig. 2A, dashed line) . The can 2 and can 6 alleles each had a point mutation that changed a conserved tryptophan to a stop codon in the fifth or third WD40 repeat, respectively. The can 3 mutation changed a conserved serine to proline in the second WD40 repeat. The can 4 allele had two missense mutations: the first changed a signature-conserved aspartic acid to asparagine in the first WD40 repeat, and the second caused a similar conserved aspartic acid to asparagine substitution in the fifth WD40 repeat. The can 7 allele had a missense mutation changing a conserved leucine to glutamine in the first WD40 repeat. Finally, the can 13 line contained a single base pair deletion resulting in a frame shift and subsequent premature stop codon. , and can 7 all cause the same male sterile phenotype as the null alleles.
The cannonball gene encodes a homolog of dTAF II 80; a protein identified biochemically from Drosophila embryo extracts as a component of the general transcription factor TFIID (Dynlacht et al. 1993; Kokubo et al. 1993) . The predicted can protein has four distinct regions of significant homology to Drosophila dTAF II 80 and its human (hTAF II 100) and yeast (Saccharomyces cerevisiae; yTAF II 90 and Schizosaccharomyces pombe; pTAF II 72) homologs (Fig. 2B) (Apone et al. 1996; Dubrovskaya et al. 1996; Tanese et al. 1996; Tao et al. 1997; . Interspersed between the conserved regions are variable segments where the proteins share little or no homology. Overall, the predicted can protein was more related to dTAF II 80 than to hTAF II 100, but dTAF II 80 and hTAF II 100 were more related to each other than either Fig. 2A) . Secondary structure predictions indicated that the carboxy-terminal extension of the can protein was likely to fold into an extended ␣-helix. The predicted can protein had a high degree of sequence identity/similarity to dTAF II 80 and hTAF II 100 within each WD40 motif in addition to the GH-X 21-40 -D-X 5 -WD backbone of the WD40 motif ( Fig. 2B ) (Neer et al. 1994) . The conserved spacing of the repeats, and the presence of three other conserved domains outside of the WD40 repeat region indicated that the can predicted protein is much more related to dTAF II 80 and its homologs than to other WD40-containing proteins.
can expression is tissue specific Expression of the can TAF II homolog was stage and tissue specific (Fig. 3) . A 3.2-kb can transcript was detected in poly(A) + mRNA from adult males but not in mRNA from adult females, embryos, or adult males lacking a germ line. In contrast, the can homolog dTAF II 80 was widely expressed (Fig. 3) . The can transcript was present but reduced in size to 3.0 kb in males homozygous for the internal deletion allele can 1 , confirming that the mRNA corresponded to the can gene product. The malespecific and germ-line-dependent expression of can is consistent with the can phenotype; male can mutants are male sterile but viable and female fertile (Lin et al. 1996) .
Within the testis, expression of can mRNA was restricted to primary spermatocytes (Fig. 4) . In wild-type Drosophila testis, male germ-line stem cells and mitotically dividing spermatogonia are localized to the testis apical tip. The germ cells make the transition to the primary spermatocyte stage just below this region (Fig. 4A, arrow) . can mRNA was detected in male germ cells by in situ hybridization beginning at the onset of the primary spermatocyte period (Fig. 4B , arrow). The can signal was highest in early spermatocytes but persisted at lower levels in more mature primary spermatocytes until approximately the time of the meiotic divisions. can message was not detected in mitotically dividing gonial cells or stem cells at the apical tip of the testis, or in postmeiotic germ cells and elongating spermatids. The can message was not detected in testes from flies homozygous for the can 12 insertion allele (Fig. 4C ). The cell type in which can mRNA is expressed in the testis is consistent with the defects observed in flies containing can loss of function mutations. All target genes identified to date that require wild-type can function for normal levels of transcription are expressed in male germ cells beginning early in the primary spermatocyte growth and gene expression period (White-Cooper et al. 1998) .
It is possible that primary spermatocytes have one complex containing can protein and a second alternative complex containing dTAF II 80. In situ hybridization to wild-type testis revealed dTAF II 80 message in both primary spermatocytes and spermatogonia (Fig. 4E) .
Transcription of target genes is reduced in can mutants
Wild-type function of can is required for normal accumulation of transcripts encoded by a suite of spermatid differentiation genes (White-Cooper et al. 1998). Early The position of the base pair change is given relative to the start of the 5Ј RACE product. Positions of amino acid changes are relative to the predicted start of translation. All can alleles listed are male sterile. characterizations of TAF II function using in vitro transcription assays indicated that TBP supported basal transcription, whereas TBP with TAF II s supported activated transcription in the presence of transcriptional activators (Pugh and Tjian 1990; Dynlacht et al. 1991; Zhou et al. 1992) . The level of expression of can target genes in can mutant testes was reminiscent of this quantitative effect. Null mutations in can significantly reduced but did not completely eliminate transcription of target gene messages relative to wild type (Fig. 5) . Nevertheless, in each case, a low level of transcript was detected in the mutants. As each of these target genes is expressed for the first time during development in primary spermatocytes, the residual message is not likely to be due to transcripts expressed at earlier stages.
The effects of can mutations on transcript levels in primary spermatocytes were gene specific. The twine cell cycle regulatory phosphatase is normally transcribed in primary spermatocytes, starting at the onset of the primary spermatocyte growth and gene expression stage (Alphey et al. 1992; Courtot et al. 1992) . Expression of twine mRNA was not can dependent in primary spermatocytes, as similar levels of the twine message were detected in can mutant and wild-type male reproductive tracts (Fig. 5) .
To explore whether wild-type can influences the levels of target gene expression by regulating transcription or message stability, we assayed the effect of can mutations on expression of a promoter lacZ fusion construct in vivo. Sequences from −53 to +50 of the ␤2t promoter fused to lacZ and introduced into flies allowed lacZ reporter mRNA expression in primary spermatocytes (Fig.  6A,B) (Michiels et al. 1989) . Expression of the lacZ mRNA in primary spermatocytes was greatly reduced in can homozygotes compared to their can/+ siblings, indicating that can is likely to regulate expression of this reporter construct at the level of transcription (Fig.  6B,C) . 
Discussion
Regulation of differential gene expression by different TAF isoforms
Our results demonstrate that a tissue-specific homolog of a more widely expressed TAF II is required in vivo for a developmentally regulated gene expression program in a metazoan. The can gene of Drosophila encodes a homolog of dTAF II 80 expressed only in primary spermatocytes and required for the stage-and tissue-specific transcription of target genes needed for terminal differentiation of male gametes. These findings strongly suggest that substitution of tissue-specific TAF isoforms may adapt the general transcription machinery for expression of specific sets of developmentally regulated target genes.
Although similar ideas have been proposed for tissuespecific TAF II s, our results constitute the first demonstration of in vivo function. The human hTAF II 130 has a cell type-specific homolog hTAF II 105 (Dikstein et al. 1996) . Likewise, two Drosophila genes encoding homologous proteins dTAF II 24 and dTAF II 16 are differentially expressed during embryogenesis in certain cells (Georgieva et al. 2000) . However, in neither case was a developmental gene expression program dependent on the different TAF II isoforms described. In addition to tissue-specific TAF II s, homologs of TBP may be used to adapt the general transcription machinery. For example, the ubiquitously expressed Caenorhabditis elegans TBP homolog TLF (CeTLF) is required for multiple events during embryogenesis, although the specific developmental pathways affected are not known (Dantonel et al. 2000; Kaltenbach et al. 2000) .
There are several mechanisms by which the can protein might adapt the general transcription machinery to regulate testis-specific transcription. The can protein might simply replace dTAF II 80 in a protein complex that otherwise contains the same subunits as TFIID from Drosophila embryos. Alternatively, the can protein might act as part of a specialized TFIID-like complex consisting of a number of tissue-specific TAF II s or a different TBP. Genes predicted to encode second homologs of dTAF II 110, dTAF II 30␣, and dTAF II 60 are present in the Drosophila genome (Adams et al. 2000) . In addition, the Drosophila TBP homolog TRF1 is expressed in primary spermatocytes (Crowley et al. 1993) .
It is also possible that the can protein regulates transcription of spermatid differentiation genes as a component of a tissue-specific HAT complex. HAT complexes are thought to regulate the transcription of certain genes by locally altering nucleosome acetylation and chromatin structure to allow the general transcription machinery access to the promoter (Georgakopoulos and Thireos 1992; Grant et al. 1997 ). The PCAF complex of humans includes a protein with homology to can, whereas both the SAGA and TFIID complexes of S. cerevisiae contain the can homolog yTAF II 90 (Grant et al. 1998; Ogryzko et al. 1998 ).
The requirement of can for normal levels of transcription is gene specific. Certain genes transcribed in primary spermatocytes require can, whereas transcription of many other genes in primary spermatocytes is independent of can function (White-Cooper et al. 1998). At least three mechanisms could account for this specificity. (1) Particular core promoter sequences within target genes might bind a protein complex containing can, but not a similar dTAF II 80-containing complex. Promoter swapping studies in yeast have demonstrated that dependence of activated transcription on the largest TAF II subunit yTAF II 145 is conferred by core promoter sequences rather than upstream enhancer elements (Shen and Green 1997) . Likewise, hTAF II 250-dependent activated transcription depended on both core promoter sequences and upstream enhancer elements in vivo (Wang et al. 1997 ). In addition, several TAF II s have been shown to physically interact with core promoter elements (Burke and Kadonaga 1997; Chalkley and Verrijzer 1999) . (2) Certain genes may require can to activate transcription because one or more spermatocyte-specific transcriptional activators require can protein instead of dTAF II 80 to recruit the Pol II transcription machinery to their promoters. The can protein could either bind such a transcriptional activator or its coactivators directly, or participate in a protein complex that does so. The proposed spermatocyte-specific transcriptional activators would thus work in concert with a can protein complex to achieve full transcription of target genes. (3) Spermatid differentiation genes dependent on can function for normal levels of transcription could be enveloped in a special chromatin structure that requires an activity associated with can or its partner proteins, but not with dTAF II 80 or its partners to achieve full levels of activated transcription. Consistent with this hypothesis, chromatin may be in a different overall state in primary spermatocytes than in many cell types, as the chromosomes in primary spermatocytes appear as partially condensed, discrete entities when stained with the DNA dye Hoechst 33342 (Lin et al. 1996) . These models are not mutually exclusive and the transcription of spermatid differentiation genes may involve any two or even all three of these mechanisms.
Understanding TAF II function through the study of tissue-specific TAF II s
Phenotypic analysis of the can mutants may shed light on the in vivo mechanisms of the action of TAF II s in general. Wild-type can function is not required for viability or any earlier stages of somatic or germ-line development (Lin et al. 1996 ). Thus, we were able to assess the effect of null alleles on transcription in primary spermatocytes, circumventing problems of interpretation due to the need to use partial loss of function alleles, temperature-sensitive alleles, or possible incomplete depletion of pre-existing protein.
We have exploited this strength to assess the effects of the loss of can function on target gene expression in vivo. Although expression levels for several testis-specific can-dependent target transcripts were much reduced in can mutant testis compared to wild type, low levels of testis-specific message were nonetheless detected. Our results suggest that tissue-specific transcription in primary spermatocytes may involve at least a two-step activation mechanism. For example, the low level of target gene transcripts expressed in can mutant testis may result from the function of a testis-specific transcriptional activator, whereas the full wild-type transcript levels may require the function of a TFIID-or HAT-like complex containing the can protein. Alternatively, residual target gene expression in the absence of can protein function could reflect action of a different TAF II or TBP alone.
The primary spermatocyte transcription program
Many can-dependent target genes are expressed for the first time during development in primary spermatocytes, in preparation for meiosis and spermatid differentiation. Other can-dependent target genes are more widely expressed, but use testis-specific promoters for expression in primary spermatocytes. Our results suggest that the general Pol II transcription machinery may be different in primary spermatocytes than in many other cell types. The use of testis-specific forms of TFIID or other components of the general transcription machinery could explain why many generally expressed genes use new, testis-specific promoters during male germ line development in both Drosophila and mammals (Fuller 1993; Hecht 1993) . Indeed, a testis-specific TFIIA homolog has recently been described in humans (Upadhyaya et al. 1999; Ozer et al. 2000) . In addition, the human TBP homolog hTRF2 is expressed predominantly in the testis (Teichmann et al. 1999 ). For several can-dependent genes, DNA sequences sufficient for primary spermatocyte expression lie very near the start site of transcription. Testis-specific promoters with cis-acting sequences near the start of transcription have also been observed for genes expressed in spermatocytes in mammals. For example, <200 bp of promoter region are sufficient for expression of the lactate dehydrogenase C and protamine 1 genes in testis extracts or transgenic mouse testes (Zambrowicz et al. 1993; Goldberg 1996) . These parallels evoke the possibility that testis-specific components of the general transcription machinery may also play an important role in the male germ cell-specific gene expression programs in mammals.
Materials and methods
Drosophila strains and husbandry
Drosophila were raised on standard cornmeal and molasses medium at 25°C, unless otherwise noted. can alleles 1-12 were as described (Lin et al. 1996) . Three new alleles, can z3-0611 , can z3-2824 , and can z3-0246 , were isolated in a large-scale screen for EMS-induced viable but male sterile mutations by B. Wakimoto, D. Lindsley, and C. Zuker (unpubl.). osk 8 (FlyBase ID FBal0013310) and osk ce3 (FBal0032324) mutant flies were a gift of R. Lehmann (New York University Medical School) and described in FlyBase (http://flybase.bio.indiana.edu/). Recombination mapping indicated that the can 1 mutation was not associated with the single marked P-element in the line (inserted at 86°C). Although the can 8 and can 9 alleles were induced by hybrid dysgenesis using the Birm2 chromosome (Robertson 1988) , no P-element inserts in the can interval were detected by in situ hybridization to polytene chromosomes and none of the P-element sequences detected by Southern blot analysis of these strains segregated with the can mutation during recombination mapping.
P-element-mediated germ-line transformation was carried out using the indicated 5.7-kb KpnI-SacII fragment subcloned into pCaSpeR-4 (Rubin and Spradling 1983) . Five independent transformed lines were tested. In each case the clones rescued both the meiotic arrest and sterility phenotypes of can 3 /can 4 trans-heterozygotes.
Molecular cloning of can
The can locus was identified by fine structure recombination mapping using RFLP markers. Two P-element insertions, P1959 (Lin et al. 1996) in 67C10 and l(3)j4A5 (FlyBase ID FBti0004953) in 67E5, were selected for their disparate origins so that polymorphisms between the two parental chromosomes might be readily detectable. First, can 1 was recombined onto the P1959 chromosome, then a total of 135 recombinants were generated between the two w + inserts by screening the progeny of P1959 can/l(3)j4A5 females crossed to w − males for either w − or a darker w + (indicating the double insert) eye color. Recombination between the two flanking P-element insertions occurred at a frequency of 290 in 11,523 flies, placing them 2.5 cM apart. Scoring for inheritance of can 1 among the recombinants placed the mutation ∼0.8 cM proximal to P1959 and 1.7 cM distal to l(3)j4A5. RFLPs between the two parental chromosomes were first identified by Southern blot analysis of genomic DNA from P1959 can 1 /P1959 can 1 compared to P1959 can 1 /l(3)j4A5 flies digested with a panel of restriction enzymes and probed with end fragments of P1 clones (Berkeley Drosophila Genome Project) in the region. Segregation of the RFLPs was then scored in the recombinants. Initially, the can 1 mutation mapped 0.3 cM proximal to a RFLP identified by the proximal end fragment of the insert in P1 DS69 (Rf#1) and 0.5 cM distal to a RFLP iden-tified by the distal end of the P1 DS1778 insert (Rf#2). The proximal end of the P1 DS7440 insert identified two RFLPs tightly linked to can 1 : one caused by a polymorphic AvaII site just proximal to can 1 based on 1/129 recombinants (Rf#3), the other caused by a polymorphic NdeI site not separated from can 1 in 124 recombinants (Rf#4) (Fig. 1B) . This P1 end fragment was used to screen the Tamkun EMBL3 genomic phage library to isolate overlapping bacteriophage clones carrying inserts covering 23.5 kb from the can region.
Sequence analysis
DNA fragments spanning the can region were isolated from genomic phage clones, subcloned into Bluescript, and sequenced fully on both strands by dideoxy chain termination (Sanger et al. 1977 ) using T3 and T7 primers and gene-specific oligonucleotides (PAN facility, Stanford) to fill remaining gaps. Point mutations of EMS induced can alleles and the can 1 deletion were identified by sequencing bulk PCR products amplified from genomic DNA from can homozygous mutant flies using gene-specific oligonucleotides. Sequences were aligned and analyzed using Sequencher (Gene Codes Corp.) and MacVector (Oxford Molecular Group plc) DNA analysis software.
The structure of the can transcript was deduced from a combination of testis cDNAs, RT-PCR, 5Ј and 3Ј RACE. The 5Ј end of the can mRNA was determined by 5Ј RACE using the GeneRacer system (Invitrogene) in two independent reactions. The sequence of the can transcript (GenBank accession no. AF346730) was deduced from the sequence of the 5Ј RACE product plus the sequence of a separate, overlapping RT-PCR product generated from testis poly(A) + selected mRNA using can gene-specific primers. The sequence of the 5Ј RACE product differed from the sequence of genomic DNA at 4 bases resulting in four predicted amino acid changes in the nonconserved amino-terminal region of the predicted can protein. The amino acid sequence in Figure 2 was predicted from the genomic sequence of the exons using the intron/exon structure indicated from the sequence of the 5Ј RACE product. The predicted initiating methionine had in-frame stop codons upstream. One additional 5Ј RACE reaction using a different system (Life Technologies) detected a possible shorter RNA initiating in the fourth intron and encoding a predicted protein starting at methionine 186. However, Northern blot analysis revealed only one mRNA that most closely matched the larger transcript in size. For PCR from the testis cDNA library (gift of T. Hazelrigg, Columbia University), oligonucleotides complementary to sequences on the phage arms of the Hazelrigg ZAP testis cDNA library were used in combination with gene-specific primers to amplify the 3Ј region of the can cDNA by nested PCR. To bias the PCR reaction toward the cDNA of interest, the first round of PCR was carried out with 10-fold of the gene-specific primer compared to the primer recognizing the phage arm sequence.
The predicted can protein sequence was used to search nucleotide sequence databases translated in all reading frames (tBLASTn). Sequence alignment was generated using the ClustalW Multiple Sequence Alignment (Thompson et al. 1994) and Boxshade programs for the three proteins shown. Percents identity/similarily in Figure 1B were calculated based on pairwise comparisons from a ClustalW alignment of all five proteins.
In situ hybridization
In situ hybridization to whole adult Drosophila testes was carried out as described in White-Cooper et al. (1998) . In each well, mutant testes were mixed with testes from wild-type or heterozygous sibling males as a positive control. The color reaction was allowed to develop until the control testes were well stained. Mutant testes could be easily distinguished from the controls by their smaller size and lack of elongating spermatids. In all cases, mutant and control testes were processed for the same time in the same well so that signal levels could be compared directly. Single-stranded riboprobes were generated using the Genius System (Boehringer Mannheim) per the manufacturer's instructions. Probes were: can: a 1.2-kb EcoRI fragment (* in Fig. 1A ) of can coding sequence cloned into Bluescript; dTAF II 80: PCR product corresponding to base pairs 902 to 2079 of the cDNA cloned into pCR2.1 (Invitrogen). lacZ-pBSlac (Lessing and Nusse 1998) .
RNA and DNA blot analysis
Southern blot analysis was carried out as described by Sambrook et al. (1989) modified as follows: genomic DNA was extracted from whole adult flies (Steller and Pirrotta 1984) and DNA from ∼5-10 flies were loaded per lane. All prehybridizations and hybridizations were done in Church Buffer (7% SDS, 1% BSA, 1 mM EDTA, 250 mM sodium phosphate buffer at pH 7.2). Probes used for DNA or RNA blots were labeled according to the manufacturer's instructions using the Megaprime DNA labeling system (Amersham) or using Rediprime II (Amersham Pharmacia Biotech) from gel-purified DNA fragments.
RNA from whole adult flies was isolated by homogenization in TRIzol Reagent (Life Technologies) according to the manufacturer's instructions. Adult males lacking germ line were generated by crossing oskar CE3 /oskar 8 females to males. Testis mRNA was isolated from dissected testis of 1-day-old (or younger) males from indicated genotypes using the Micro-FastTrack 2.0 kit according to the manufacturer's instructions (Invitrogen) . Approximately 5 µg of poly(A) + RNA selected using PolyATtract mRNA isolation systems (Promega) was loaded per sample, separated on a 1.2% agarose gel with formaldehyde, transferred onto Hybond nylon membrane (Amersham) in 10× SSPE, and fixed to the membrane by UV cross-linking (Stratagene, Stratalinker model 2400). Prehybridization and hybridization was done in Church buffer. Probes as for in situ hybridizations above, plus mst35B: PCR product corresponding to base pairs 220 to 728 from the mst35Ba cDNA sequence (Ashburner et al. 1999) ; mst87F: PCR product corresponding to the entire 3Ј untranslated sequence (Kuhn et al. 1988) ; don juan: 900-bp EcoRI sequence from the don juan cDNA (Santel et al. 1997) ; mst57D: 666-bp PCR fragment corresponding to the mst57Dc transcript from base pair 3607 to 2941 (Simmerl et al. 1995) ; rp49: PCR product using T7 and T3 universal primers from pBluescript containing rp49. payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 USC section 1734 solely to indicate this fact.
